Abstract: We initiated a program of telephone CPR (cardiopulmonary resuscitation) instruction provided by emergency dispatchers to increase the percentage of bystander-initiated CPR for out-ofhospital cardiac arrest. Cardiac arrests in King County, Washington were studied for 20 months before and after the telephone CPR program began. Bystander-initiated CPR increased from 86 of 191 (45 per cent) cardiac arrests before the program to 143 of 255 (56 per
Introduction
Short time intervals from collapse to initiation of cardiopulmonary resuscitation (CPR) and to the delivery of advanced cardiac life support (airway management, drug therapy, and defibrillation) are key factors in survival from out-of-hospital cardiac arrest.' In communities with advanced cardiac life support systems, the percentage of patients discharged following cardiac arrest approaches 30 per cent if CPR is initiated within the first four minutes following the arrest. ' To increase the chance of rapid CPR initiation, citizen CPR-training programs have been implemented throughout the country. Yet even in communities with large scale training programs, a majority of cardiac arrests do not have CPR initiated by a bystander.2 The majority of cardiac arrest patients are men over the age of 50,3 and most cardiac arrests (75 per cent) occur in the home.4 In contrast, the majority of individuals who voluntarily seek CPR training are quite young (average age 33 in Seattle) and the male/ female ratio is roughly equal.5 Spouses of persons at highest risk are not trained4 and physicians have not been aggressive in ensuring that family members of their patients obtain training. 6 One method to increase the percentage of bystanderinitiated CPR is for CPR instruction to be provided by emergency dispatchers at the time a cardiac arrest is reported. In an earlier report,7 we described the initial development and evaluation of a telephone CPR instruction protocol that can be given by emergency dispatchers to untrained bystanders. We A case was defined as a person with out-of-hospital cardiac arrest due to underlying heart disease, who received cardiopulmonary resuscitation. Etiology was determined from reports of emergency agency runs, autopsy reports, and death certificates. Other causes of cardiac arrest were *A copy of the training curriculum and CPR message may be obtained from the authors.
excluded to provide as homogenous a population as possible. Since the focus of the study was to evaluate telephone CPR instruction, only cardiac arrests which occurred before arrival of emergency personnel were included. Cases were grouped into those occurring before the telephone CPR program began at each dispatch center (before period) and those occurring after the program began (after period).
Cases were classified on the basis of whether CPR was initiated by emergency personnel, by bystanders without benefit of telephone CPR instruction, or by bystanders with benefit of dispatcher CPR instruction. A case was considered to be a dispatcher-assisted CPR case: 1) if the dispatcher gave CPR instruction on their own initiative during the before period and by protocol during the after period; and 2) if the caller attempted ventilations and chest compression as a result of the instruction. If only ventilations occurred due to the rapid arrival of EMS personnel, the case was still considered dispatcher-assisted. (6 per cent) declined because they heard the fire department units arriving, and for three (3 per cent) the reasons were unknown. Advanced age and poorer health were associated with refusal. The average age of callers accepting the instruction was 51 years (SD 16 years) compared to 57 years (SD 16) among callers refusing. The self-reported health of those accepting the instruction was excellent, 56 per cent; good, 34 per cent; fair, 7 per cent; and poor, 0 per cent. Among those refusing instruction, these percentages were 24 per cent excellent, 47 per cent good, 12 per cent fair, and 18 per cent poor.
The dispatchers gave both ventilation and compression instructions to 41 (71 per cent) of the 58 cases where instructions were accepted. In the remaining 17 cases, only the first part of the message (ventilations) was in progress or completed. Failure to complete the instructions was almost always due to arrival on the scene of emergency personnel. Mean response time for complete instruction cases was 5.1 (SD 2.2) minutes versus 3.7 minutes (SD 1.4) for cases with incomplete instruction.
The mean time to present complete instructions took 2.4 (SD 1.6) minutes and respondents continued to perform CPR for a mean total (during instruction and after instruction) of 4.3 (SD 3.0) minutes.
0 Does telephone CPR increase survival from cardiac arrest?
Survival (discharge from hospital) is shown in Figure 1 . During the before period dispatchers attempted to improvise CPR instruction, there was one survivor among 17 cases (6 per cent). In the after period when there was a standardized message and training program, there were 12 survivors among 58 cases (21 per cent). Survival was similar in fire department personnel and bystander-initiated CPR cases during the before and after periods. It is possible to estimate the expected survival rate among the dispatcher-assisted CPR group assuming that dispatcher assisted CPR had no effect, that is, if the fire department EMTs were assumed to be the first persons to begin CPR. This "no effect" estimate of survival was obtained from logistic regression analysis of all telephone CPR cases during the after period. This analysis allows us to control for a number of previously identified factors associated with survival8 in the following formula:
Among the 58 cases receiving dispatcher assisted CPR during the after period, there were 31 cases in which collapse was witnessed and times to arrival of EMT and paramedic units could be determined. Of these 31 cases, 10 survived. The expected number of survivors in this group of 31, under the hypothesis that dispatcher-assisted CPR had no effect, was six. The actual number of 10 suggests that four lives in approximately one year may have been saved by the program. The sample size of 31 cases is too small to adequately test the hypothesis (95 per cent confidence: 4 ± 12.1).
In this study, 22 of the 58 people who performed CPR as a result of dispatcher assistance had received prior CPR training. This training, however, does not explain the effectiveness of telephone CPR because survival was actually less Expected survival rate if dispatcher assisted CPR has no effect. = in the group previously trained (3/22 = 14 per cent), than in the telephone CPR group never trained (9/36 = 25 per cent). * Is a telephone CPR Program safe? Hospital records were examined during the after period to determine if patients receiving dispatcher-assisted CPR had increased morbidity compared to patients with bystander-initiated CPR and to patients with fire department initiated CPR. Patients with dispatcher-assisted CPR and bystander CPR received additional CPR by fire department and paramedic personnel. Thus, it is not possible to determine who was responsible for any morbidity that did occur among the dispatcher-assisted CPR and bystander CPR groups. CPR-associated morbidity is shown in Table 2 . There was a low proportion of subjects with broken ribs in all three groups. Complications such as flail chest or pneumothorax occurred infrequently. The most serious complications were a stomach and a liver laceration which occurred in a man who received bystander CPR (without dispatcher assistance) from multiple individuals prior to fire department arrival. The overall incidence of complications were similar in all three groups.
* What is the attitude of callers who receive telephone instructions?
Fifty-five of 58 callers during the after period who performed CPR with dispatcher assistance were interviewed. Eighty-four per cent thought the program was an excellent idea and 89 per cent believed the instructions were very understandable. Every person interviewed stated they were glad to have been able to perform CPR. Discussion CPR training programs have done much to ensure bystander-initiated CPR. In the Seattle and suburban King County area, over 250,000 people have received CPR training. Despite this large number of trained people, our study observed that a minority of cardiac arrests (45 per cent) received bystander CPR during the before period. The telephone CPR program increased the percentage to 56 per cent. There were numerous cases, however, where poor communications or errors in interpretation prevented the message from being offered. This experience suggests that further training or in-service review could increase the number of cases assisted by dispatchers. It is worthwhile to note that 100 per cent bystander CPR is probably unattainable as there were 22 cases where the caller refused the offer of help. Callers refusing were older and more physically infirm compared to those accepting the offer.
Shortening the time to initiation of CPR increases the likelihood of survival.9 Even in instances in which there is insufficient time for the full message to be given valuable time is saved.
This study has demonstrated that a program to provide telephone CPR instructions can increase the percentage of bystander-initiated CPR for cardiac arrest. The program appears safe and may have been responsible for saving several lives.
